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Innovations photoscreener (MTI) to determine the sensitivity and reliability of the device. 
Results: Our analysis reveals potential benefits, as well as limitations of the device. The MTI is good at 
detecting constant strabismus (95-100% sensitivity), media opacities (20-100% sensitivity) and 
anisometropia greater than 1.00 diopter (100% sensitivity). However, the MTI lacks consistency in its 
findings for myopia (56.3% PPV), hyperopia (20-80% sensitivity), astigmatism (41.4% PPV), anisocoria 
(0-100% sensitivity), and alternating or intermittent strabismus (23-50% sensitivity). Also, the studies used 
different criteria to obtain their data, making it difficult to relate the studies to each other. This 
inconsistency prevents a definite conclusion about the capacity of t he MTI. 
Conclusion: The MTI is a convenient and portable vision screening tool that can be used by lay people to 
detect constant strabismus greater than 10.00 prism diopters, media opacities and anisometropia greater 
than 1.00 diopter, with 100% accuracy. However, much of the clinical study data does not support its 
validity, reliability or cost effectiveness. Further studies with consistent parameters are needed to 
determine the current value of the MTI as a visual health-screening tool. 
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Abstract 
Pur,pose: This review compares the data from several studies 
relating to the Medical Technology Innovations photoscreener 
(MTI) to determine the sensitivity and reliability of the device. 
Results: Our analysis reveals potential benefits, as well as 
limitations of the device. The MTI is good at detecting constant 
strabismus (95-100% sensitivity), media opacities (20-100% 
sensitivity) and anisometropia greater than 1.00 diopter (100% 
sensitivity). However, the MTI lacks consistency in its findings 
for myopia (56.3% PPV), hyperopia (20-80% sensitivity), 
astigmatism (41.4% PPV), anisocoria (0-100% sensitivity), and 
alternating or intermittent strabismus (23-50% sensitivity). 
Also, the studies used different criteria to obtain their data, 
making it difficult to relate the studies to each other. This 
inconsistency prevents a definite conclusion about the capacity 
of t he MTI. 
Conclusion: The MTI is a convenient and portable vision 
screening tool that can be used by lay people to detect constant 
strabismus greater than 10.00 prism diopters, media opacities and 
anisometropia greater than 1.00 diopter, with 100% accuracy. 
However, much of the clinical study data does not support its 
validity, reliability or cost effectiveness. Further studies 
with consistent parameters are needed to determine the current 
value of the MTI as a visual health-screening tool. 
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Off-Axis Photoscreening: A Critical Review of the 
Literature 
Amblyopia is the leading cause of vision loss in children. It has 
been estimated that 75,000 3-year-olds develop amblyopia each year. 1 
Evidence of significant uncorrected refractive error, strabismus or 
media opacities in early childhood, are the most common causes of 
amblyopia. Therefore, the American Optometric Association (AOA) 
recommends that all children have a complete eye exam by age six 
months. Currently, only 21% of preschool children are screened for 
vision problems. 2 
Performing objective vision screening of preschool children is 
difficult due to unreliable patient participation and inefficient 
methods. For example, preschool children cannot or sometimes will 
not read the standard vision screening's Snellen or Tumbling E 
visual acuity charts. In addition, preverbal children have a 
difficulty communicating with the examiner. Many doctors rely on 
the objective Bruckner Test to detect small angle strabismus and 
anisometropia. Unfortunately, administering this test requires 
professional training. Preschool vision screenings would have a 
broader scope if lay people could perform the testing. The Medical 
Technology Innovations photoscreener (MTI) was designed to fu lfill 
this need. 
MTI is an off-axis camera based on the principles of the Bruckner 
method. The Bruckner method requires a trained examiner to shine a 
direct ophthalmoscope to elicit simultaneous red reflexes in both 
eyes of a child. The observer compares the quality, color 
variation, and overall similarity of the two red reflexes. 
Asymmetry between the two can indicate strabismus, anisometropia or 
media opacities. Freedman modified the Bruckner method by 
developing the off-axis camera technique. 3 This camera produces 
photographs that provide a stationary and permanent image of the 
retinal reflexes, which are easier to analyze versus the 
simultaneous and instantaneous view needed for the Bruckner. 
Freedman's system, the Eyecor off-axis camera, a 2.00 diopter (D) 
lens with internal mirrors provided a back focal distance of 1.1 
meters at a test distance of 1 meter giving 11 0% magnification at 
the film plane. The camera requires Polaroid 337 black and white 
(ASA 3000) film. The MTI is a modification of Freedman's Eyecor 
camera. The changes include the use of a 9.00 D lens with a back 
focal distance of 5 inches resulting in a 1:1 magnification. Also, 
automatic ro tation of the flash and sliding film places both the 
horizontal and vertical images on the same instant photograph. 
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The MTI includes a rectangular flash located 0.5 mm above the lens 
aperture, which can be automatically rotated 90 degrees so that i t 
is oriented 0.5 mm to the photographer's left. The flash forms a 
blur circle on the retina. An image of the blur circle is captured 
as a crescent on the Polaroid film. Myopic and hyperopic crescents 
are located on opposite sides of the pupil. If the flash is above 
the lens, myopic crescents will be on the top of the pupil, while 
hyperopic crescents will be on the bottom. If the flash is to the 
left of the l ens myopic crescents will be on the le ft, and 
hyperopic crescents on the right. The size of the crescent image is 
proportional to the refractive error of the eye. For instance, a 
difference of 2 mm between horizontal and vertical crescent sizes 
can indicate the presence of astigmatism. 
The ease of aiming and automatic focusing of the camera provides a 
portable me thod for lay people to gather patient data. I t also 
requires less patient cooperation than the Bruckner does. This 
allows for more children to be screened inexpensively. This is an 
improvement on the Bruckner method, which requires a trained 
professional to both perform and analyze the test. In addition, 
Williams et al. noted that pediatricians are significantly better 
at de tecting amblyogenic risk factors in children while using the 
MTI versus the Bruckner. They achieved a sensitivity of 61% and 
specificity of 71% with the Bruckner test, as opposed to an MTI 
sensitivity of 89% and specificity of 69%. 4' 5 
There have been several studies to determine the validity of the 
MTI photoscreener to detect amblyogenic factors in children. These 
studies reveal many of the strengths and weaknesses of the MTI 
photoscreener. 
The validity of the MTI photoscreener is measured using 
sensitivity, specificity, false positives, false negatives and 
positive predictive values. Sensitivity is the ability of a test 
to accurately identify true positives. Specificity is the 
ability of a test to accurately identify true negatives. False 
pos itives occur when a healthy patient is identified as having 
amblyogenic factors, whereas false negatives identify patients 
with amblyogenic factors as healthy. Positive predictive value 
(PPV) is the percentage of true positives out of the tota l number 
of pos itives measured, including the false positives. 6 
A masked study by Freedman and Preston in 19923 , using the Eyecor 
camera, produced a photoscreener sensitivity of 87% and a 
specificity of 89% and a PPV of 93%. There was an inter-observer 
consensus of 88%. This accuracy could be attributed to the fact 
that there were only two graders whose ophthalmic knowledge was 
not ment i oned. The fa ilure criteria did not use the MTI standard 
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but was based on a complete ophthalmologic exam instead. It 
should also be noted that Freedman holds patent rights to th i s 
i nstrument. Potent ia l biases make this study incomparable to 
c l inical trials performed later. 
In 1995 , Ottar et al. 7 obtained an MTI sensitivity of 81.8% and a 
spec i fic i ty of 88.8%. However, the Ottar study did not follow the 
manufacturer's gradi ng c r iteria. Also, the study was unmasked 
since t h e g r aders t hems e l ves performed the eye examinations. 
Therefore , it i s not comparable to other studies. 
Table 1. Hypothetical Data for Analysis of a Given 
Measure 
Result of Complete Examinaton 
True Postive True Negative 
MTI Positive 
Results Negative 
Total 
Sensitivity = A I (A + C) 
Specificity = D I (B + D) 
A 
c 
A+C 
Positive predictive value = A I (A + B) 
Negative predictive value = D I (C + D) 
B 
D 
B+D 
Overall agreement = (A + D) I (A + B + C + D) 
Total 
A+B 
C+D 
A+B+C+D 
The s t atistics of several MTI studies are shown in Table 2 . 
Table 2. MTI Statistics 
MTI STUDY N Sensitivity Specificity False Positive False Negative 
% % % % 
Freedman 202 87 89 
Preston constant 100 
strabismics 
Ottar, et al. 949 82 91 9 5 
strabismics 100 
Hatch, et al. 1 61 54 85 1 5 43 
Anise > 1 .OOD 100 
Tong et al. 100 37 - 88 40 - 88 
-1998 constant 95 
strabismics 
Simons, et al. 100 80 - 91 20 - 67 
myopia 89 48 - 76 
hyperop_ia 20 - 80 88 - 96 
anisocoria 0 - 100 94 - 99 
strabismus 23 - 50 
opacities 100 
4 
PPV 
% 
93 
68.9 
Hatch et al. achieved a sensitivity of 54% with a specificity of 
87% in their MTI study i n 1997. 8 The variability between examiners 
was high for sensitivity measures and low for specificity measures. 
Once again, this study did not use the MTI referral criteria, 
making it inconclusive. 
In 1998, a masked study by Tong et al. measured the re liability of 
the MTI photoscreener. The purpose of the study was to determine 
if reliability of the photograph interpretation could be achieved 
between 19 graders. A certified orthoptist photographed one 
hundred undilated children aged three years or less using the MTI 
photoscreener. They were followed up with a complete eye 
examination by an ophthal mologist. The 19 graders were each given 
100 photographs of the children and asked to determine whether they 
should pass, fail or repeat the screening. 
The major findings of this study show great variations of the 
sensitivity and specificity between graders. The extent of the 
grader's ophthalmologic knowledge did not correlate with 
sensitivity or specificity obtained. The sensitivity ranged from 
30% to 77% and specificity ranges from 38% to 85%. The individual 
grader results are listed in Table 3. 9 
Unfortunately, adequate levels of sensi tivity were reached on l y 
with a loss of specificity or v i ce versa. Tong et al. states that 
a combined sensitivity and specificity of 77% and 85% respectively 
might be considered acceptable. This MTI study was unable to reach 
this standard. 
In 1999, Simons et al. 10 screened 100 children who had a suspected 
risk for developmental delay or visual deficiencies. The MTI 
photoscreener was used, then they were followed up by a complete 
ophthalmologic exam. The photographs were graded by four pediatric 
ophthalmologists (one had previous experience interpreting 
photographs), 1 registered nurse, and 1 research coordinator using 
the grading criteria in theMTI manual. 
The MT I sensitivity range was 80-91% with a specificity range of 
20-67%. The large rangesare due to variable interpretation of the 
photographs. The sensitivity may be an overestimate caused by the 
sample selection from a high-risk population. 
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Table 3. Sensitivity and Specificity of the Photograph Grading: 
0 h hI I lp t a mo og1c Examination as Reference 
100 I 100 Photographs: 
Sensitivity 0/o Specificity 0/o 
Volunteers 
Manufacturer 43 85 
Pediatric ophthalmoloqist 1 62 46 
Pediatric ophthalmologist 2 51 69 
Pediatric ophthalmologist 3 51 85 
Pediatrician 1 77 38 
Pediatrician 2 55 85 
Pediatrician 3 59 73 
Certified ophthalmic technician 1 66 50 
Certified ophthalmic technician 2 64 50 
Certified ophthalmic technician 3 39 81 
Certified ophthalmic technician 4 39 81 
Health Department employee 1 70 46 
Health Department employee 2 58 62 
Health Department employee 3 49 69 
Prevent Blindness employee 1 50 81 
Prevent Blindness employee 2 54 69 
Lions Club volunteer 1 58 73 
Lions Club volunteer 2 45 65 
Lions Club volunteer 3 30 77 
Ideally, the MTI photoscreener could lower public health costs. 
According to Simonet a l. , a specificity of 87% would indicate a 
low over- referral rate costing $7 per child screened. On the other 
hand, a low specificity of 52% would translate into an over-
referral cost of $26 per child screened. Their specificity result 
shows that the MTI is not economically efficient. 
A second masked study by Tong et al. occurred in the year 2000. 11 
The objective was to determine the sensitivity and specificity of 
vision screening using the MT I photoscreener. A certified 
orthoptist screened 387 children (agel-4 years) from a high-risk 
group producing 313 readable photographs. An ophthalmologist and a 
certified ophthalmic medical technologist graded the photographs. 
Of thes e children, 284 showed abnormalities on full exam (anterior 
segment, cycloplegic refraction, ophthalmoscope, visual acuities, 
pupillary func tion and motility). 
The overall sensitivity of the MT I for this study was 65%. The 
overall specificity was 87%. If the patients had constant 
strabismus greater than 10 prism diopters (PD), the MTI sensitivity 
rose to 95%. The sensitivity fell to 7 8% for patients with 
constant s t rabi smus o f l ess than 10 PD, however. The sensitivity 
decreased even further to 30 -35% for detecting refractive errors 
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when no strabismus was present. In addition, the sensitivities fo r 
ptosis and media opacities were poor at 20% and 33% respectively. 
A third masked study by Tong e t al. in 2000 examined the ability of 
the MTI to detect hyperopia. 12 It aimed to improve photograph 
grading by raising the failure criteria for amblyogenic levels of 
hyperopia. This analysis consisted of 209 children from the second 
Tong study. The 65 children who passed the full eye examination 
served as controls for this study, while 14 4 had hyperopia without 
anisometropia. A certified orthoptist took the photographs, which 
were graded by the manufacturer's grader. After the screening, 
pediatric ophthalmologists gave full eye exams too all the 
subjects. 
When an MTI hyperopia failure criterion of +2.0 0 D or more was 
adopted, the sensitivity reached only 24% with a specificity of 
90%. By raising the failure criterion to above +3 .50 D (as was 
determined by the pediatric ophthalmologists' consensus) the 
sensitivity rose to 90% with a specificity of 89%. This impressive 
increase in reliability suggests that the MTI grading criteria can 
be modified to screen for high hyperopes. 
The MT I does not adequately screen for low hyperopia. There are 
four possible reasons why many hyperopic children pass screenings: 
1. In the MTI photograph the size of the bright crescent increases 
with increasing pupillary diameter. A small pupillary diameter may 
obscure a bright crescent, which would have been present with a 
larger pupil. Physiology, accommodation, and room illumination are 
just some of the factors that decrease pupil diameter. 
2. Bright crescents, which indicate the presence of excessive 
refractive error, may not appear in the photographs due to fundus 
physiology or camera limitations. 
3. The children may be accommodating which can neutralize the 
hyperopia preventing the fo r mation and detection of crescents. 
4. The MTI photoscreener may not have the capacity to capture low 
hyperopia, thus making the grading criteria inaccurate. 
Tong et al. believed that the MTI failure criteria was too low for 
hyperopia, since the hyperopic patients passing photoscreening 
clustered in the +2.00 D to +3.50 D range. Also, close to 100% of 
the hyperopic eyes with +4.00 D or more failed the screening, as 
shown in Table 4. 12 
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Table 4. Frequency of Screening Failure by Manufacturer's Grader (%) 
Hyperopia (Anisometropia, 
Hyperopia Astigmatism, Strabismus, 
Degree of Hyperopia (Anisometropia Media Opacity, or External 
Excluded) Abnormalities Excluded) 
Vertical Meridian of the Right Eye 
+2.00 D to < +3.00 D 43 1 0 
+3.00 D to < +4.00 D 56 0 
> +4.00 D 98 100 
Horizontal Meridian of the Right Eye 
+2.00 D to < +3.00 D 41 6 
+3.00 D to < +4.00 D 50 20 
> +4.00 D 98 100 
Another study done by Donahue et al. in 2000, 13 had volunteers from 
the Lions Club take MTI photographs of 15,059 children aged 6 to 47 
months. Tennessee community childcare centers provided these 
children. Certified graders from the Vanderbilt Ophthalmic 
Photography Reading Center interpreted each photograph. They 
failed or passed subjects according to the Vanderbilt University 
Photoscreening Referral Criteria. Their criteria depended heavily 
on the pupil size and the crescent size seen in the photographs. 
More than 60% failed the screening. They were referred to community 
ophthalmologists or optometrists for further evaluation. The 
Positive Predictive Values are in Table 5. 
Table 5. Follow-up Results 
PPV % 
Anisometropia 60.5 
Astigmatism 41.4 
Strabismus 84.2 
High Hyperopia 79.6 
High Myopia 56.3 
Media Opacity 100 
Total 60.3 
Only 60% of the children who failed the screening were determined 
to be true positives. Children who passed the screening were not 
evaluated to determine if they were true negatives. The PPV may be 
artificially high because children who had amblyogenic factors were 
more likely to be eva l uated than those who passed the screening. 
Th i s se l ection bias prevents accurate calculations of sensitivity 
and specificity. However, Donahue et al. did provide an estimated 
sensitivity of 51%. No specificity measurements were provided. 
Bo t h the selection bias and the poor sens i tivity contradict 
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Donahue's statement that more than 95% of the children were 
screened reliably. 
Without a calculated specificity, it is difficult to use Donahue's 
study to determine the public health costs that would incur from 
using the MTI. According to Donahue et al. the MTI camera cost is 
approximately $3000. If 750 children were screened the cost per 
child would be about $4. With the cost of film included ($1 per 
picture with an average of 3 photographs per child) the estimated 
cost per child would increase to $7 per child. Of course, the more 
children that are screened lowers the cost of screening per child. 
Unfortunately, Donahue et al. does not account for the cost of 
over-referrals. 
Discussion 
As a vision-screening tool, the MTI is a portable and quick method 
of screening children by six months of age as recommended by the 
American Optometric Association. The MTI is easy to use so lay 
people can be trained to do cost-effective mass vision screenings 
nationwide. It also could be more helpful to a pediatrician 
instead of the currently used Bruckner test. The studies reveal 
that the MTI is able to screen for constant strabismus greater than 
10.00 PD, media opacities, and anisometropia greater than 1.00 D, 
with nearly 100% accuracy. In addition, Tong et al. showed that 
the MTI detects constant strabismus less than 10.00 PD with a 
sensitivity of 78%. Thus far, only these visual conditions are 
effectively screened by the MTI. 
Unfortunately, the wide range of sensitivities for detecting 
conditions such as myopia, low hyperopia, astigmatism and 
i ntermittent strabismus makes the MTI unpredictable. In addition, 
low specificities and PPVs result in a high over-referral rate, 
which increases public health costs. 
Another limitation of the MTI is its lack of reliability. Simons 
et al. and Tong et al. confirm that the reliability between grader 
interpretations is problematic. Wide variability in sensitivities 
and specificities imply that photograph interpretation skills or 
screening guidelines are deficient. It is difficult to conclude 
which factors are at fault, because current studies use different 
parameters such as population selection, extent of grader knowledge 
and screening and exam failure criteria. 
Freedman and Preston, Hatchet al., Ottar et al., and Donahue all 
used different failure criteria for their separate studies. Also, 
Tong et al. shows that the sensitivity and specificity of the MTI 
varies depending on the criteria used. The variations include 
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raising the dioptric threshold l eve l for failure, increasin g the 
minimum crescent size for failu r e and making the pupil size and 
crescent size failure parameters i nterdependent. 
The inconsistent referra l criteria make it difficult to compare the 
studies to determi ne the capacity of the MTI as a productive 
screening device. Therefore, a standardization of failure criteria 
is needed. More large-scale studies using a constant grading 
criteria and uniform test ing methods may establish suitable 
screening guidelines. Until then, the MTI should not be relied 
upon to detect conditions other than constant strabismus, media 
opacities and anisometropia greate r than 1.00 D. 
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